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@ Spiral wound membrane module and method of manufacture and use. 



@ A high flux membrane module comprises two 
membrane leaves (12) (see Fig. 1) wrapped about a 
central permeate flow tube to define a flow path for 
permeate in the membrane leaves (12). The mem- 
brane leaves (12) contain two or more separate 
permeate flow compartments (26, 28) within each 
membrane leaf to provide for the separate permeate 
flow of the permeate within the compartments (26. 
28) to the permeate outlet. This reduces the area 
(30, 32) of the permeate back pressure compared 
with as seen at (22) in the prior art of Fig. 1, thus 
reducing membrane wrinkling and membrane failure 
" particularly during membrane cleaning cycles. 
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SPIRAL WOUND MEMBRANE MODULE AND METHOD OF MANUFACTURE AND USE 



The 'present 'invention relates to spiral wound 
membrane modules and methods for their manu- 
facture and use. 



Background of the Invention 

Spirally wound membrane modules are often 
employed alone or in combination for the separa- 
tion of materials by high pressure reverse osmosis, 
for example, for the production of pure water from 
brine; or low pressure ultrafiltration, for example, in 
the dairy field, such as for the separation of dairy 
solutions. The spiral wound membrane module 
which fits into a cylindrical outer housing shell 
comprises a central tube sealed within the shell 
and having a plurality of holes or slots therein 
which serve as permeate collection means and one 
or more membrane leaves wrapped around the 
central tube. The membrane leaf typically com- 
prises a pair of flat sheet membranes selected to 
effect the desired separation with the membranes 
separated by an open porous-type mesh material, 
such as tricot, as a permeate collection material 
and which forms a permeate collection channel. 
The membrane leaves are generally separated by 
a net-like feed channel spacer which can also 
serve as the bypass. In operation, a feed solution 
to be separated is introduced into one end of the 
cylinder and flows directly axially along the feed 
channel and bypass spacer, and a concentrate 
stream is removed from the other end of the shell. 
The permeate which passes through the membrane 
sheets flows radially through the permeate collec- 
tion means toward the central tube, and is removed 
from the central tube at a permeate outlet. Thus, 
the feed flow is axial across the membrane leaf 
surface while the permeate flow is radial toward the 
central tube. 

The membrane envelope or leaves are secured 
together at the outer edges by an adhesive to form 
a peripheral radial adhesive zone at each end and 
an axial adhesive zone toward the outer periphery 
with the inner periphery in permeate communica- 
tion with the passageways in the central tube. 
Spirally wound membrane modules and their con- 
struction are well known and are illustrated, for 
example, in U.S. Patent 3,367,505 and other pat- 
ents. 

A particular spirally wound membrane module 
for osmosis separations is described In U.S. Patent 
4,033.878 issued July 5, 1977. hereby incorporated 
by reference in its entirety. This patent describes a 
membrane module wherein flow blocking tech- 



niques are employed both In the central tube and 
also in the Individual membrane leaves in order to 
induce a serpentine-type flow of one stream In the 
membrane envelope. 

s Spiral wound membrane modules, particularly 

low pressure modules used for ultrafiltration, such 
as in the dairy field for the separation of whey, are 
subject to a cleaning operation after periods of use. 
generally by the use of chemical cleaning solu- 

70 tions, such as caustics, detergents, chlorine, or 
combinations thereof, and thereafter, rinsed with 
clean water. During such cleaning operation, there 
Is a significant increase in permeate flux due to the 
removal of the fouling layer on the membrane 

75 surface. The high increase in flux during the clean- 
ing operation causes an excessively high pressure 
within the permeate channel because of the higher 
flux. The increased pressure within the penmeate 
channel often causes wrinkles to occur in parts of 

20 the membrane leaf, and the zone may fall due to 
embrittlement and cracking under the high pres- 
sure and high flux conditions. These wrinkle and 
leak problems are confined particularly to high flux 
ultrafiltration spiral membrane modules and not to 

25 reverse osmosis membrane modules which usually 
operate at high pressures of 300 psi or more and 
low flux. Therefore. It is desirable to provide a 
spirally wound membrane module for low pressure 
operation, such as ultrafiltration, which will have a 

30 reduced tendency to wrinkle or leak in operation or 
particulariy during a cleaning cycle of the spirally 
wound membrane module and to a method of. 
manufacturing and using such modules. 

35 

Summary of the Invention 



The present invention is directed to an Im- 
40 proved high flux, low pressure spiral wound mem- 
brane module and to a method of manufacturing 
and using such membrane modules. In particular, 
the invention concerns a spirally wound membrane 
module having a reduced tendency of the mem- 
45 brane leaves to wrinkle or leak due to high perme- 
ate back pressure. 

An improved spirally wound membrane module 
has been discovered which membrane module 
comprises a feed inlet for the introduction of a feed 
50 stream at one end, a concentrate outlet for the 
removal of a concentrate stream at the other end 
and a permeate outlet for the withdrawal of a 
permeate stream. The module also comprises one 
or more membrane leaves composed of inner and 
outer membranes and a porous permeate channel 
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spacer. The one or more leaves are wrapped about 
a central pernneate tube with the open passage of 
permeate fiow from the leaves into the central 
perrpeate lube. The leaves define a radial perme- 
ate flow path in one or more of the leaves and 
wherein or\» or more of the leaves contain two or 
more separate radial permeate flow compartments 
within the leaf by subdivision of the leaf. The 
subdivided leaf provides for separate, direct, non- 
serpentine, radial flow of the permeate to the cen- 
tral tube and to the permeate outlet thereby reduc- 
ing or preventing the axial flow of permeate and the 
resulting pressure distribution which causes high 
permeate pressure at the outlet tail of the leaf. The 
reduction in pressure significantly reduces wrinkles 
or adhesion zone seam blow out during module 
operation or more particularly, during a cleaning 
cycle of the high flux spirally wound membrane 
module. 

The improved high flux spirally wound mem- 
brane modules of the invention are prepared by 
subdividing one or more and preferably all of the 
membrane leaves, such as by employing another 
adhesive zone or glue line to subdivide the leaves 
of the membrane modules into two or more sepa- 
rate permeate flow compartments. Generally, the 
subdivision is by employing an additional radial 
adhesive or glue line zone subdividing the leaf into 
two separate and equal permeate flow compart- 
ments. More than two permeate compartments 
may be formed, however additional glue lines or 
adhesive zones results in the loss of the effective 
membrane area. 

The improved membrane modules in use pro- 
vide for the radial flow of the permeate within each 
of the membrane leaves as before, but in separate 
permeate compartments, so that the high pressure 
developed on one corner portion of the spirally 
wound membrane module is not carried to the 
outer low process pressure end of the module. The 
partition between the compartments restricts the 
axial flow of permeate, thereby creating a more 
favorable permeate pressure distribution. The im- 
proved pressure distribution results in a reduction 
in wrinkles and reduction in leakage due to seam 
blow out. These improvements are a result of divid- 
ing the permeate flow channel into two or more 
compartments. This spirally wound membrane 
module prevents the permeate from the high pres- 
sure feed end of each leaf from flooding the low 
pressure concentrate end of the leaf and therefore 
eliminates the loss of productivity due to a reduc- 
tion in the transmembrane pressure driving force. 
Also, it improves spiral life by reducing the wrin- 
kling, reverse permeation and adhesive seam blow 
out as in the prior art high flux modules. In addi- 
tion, the improved spirally wound membrane mod- 
ules may be subject to usual cleaning techniques 



without the difficulties associated with the high flux 
and the high pressures causing problems during 
the cleaning cycle. 

It has been found that after the cleaning of a 

5 high flux spirally wound membrane module, wrin- 
kles are discovered in the lower pressure far outer 
corner of the leaf adjacent the permeate outlet, and 
eventually the membrane leaks or the adhesive 
zone leaks. Further investigation of the leaks has 

10 unexpectedly discovered that the permeate pres- 
sure in the permeate channel over a defined corner 
area has been found to be greater than the feed 
pressure of the feed stream leading to the wrinkles 
and blow out together with reverse permeation. The 

IS problems of wrinkles and leaks often come up on 
the cleaning cycle In high flux, low pressure opera- 
tion modules due to the high flux, for example, 
fluxes of 100 liters per square meter per hour or 
more, and feed pressures employed, for example. 

20 feed pressures of about 50-100 psi and outlet pres- 
sures per module of 20-30 psi less than the feed 
pressure. It has been found that the current spiral 
leaf ultrafiltration membrane module designs are 
inefficient due to back pressure of the permeate 

25 leaving a dead membrane area to occur in the low 
corner pressure end of the module leaf. The per- 
meate back pressure of the leaf wherein an addi- 
tional adhesive zone is employed dividing the leaf 
into at least two separate permeate compartments 

30 reduces the pressure differential across the leaf 
compartment and reduces the amount of dead 
pressure permeate leaf area. 

When the flux ranges from about 3 to 4 gallons 
or higher per square foot per day per psi pressure 

35 drop, the problems of seam blow out and wrinkles 
occur and, for example, when the pressure drop 
across the module is greater than 15 psi. for exam- 
ple. 20 psi or more. 

It has also been found that a reduction in 

40 differential pressure and the problems associated 
therewith may be resolved by increasing the num- 
ber of leaves in the spiral membrane module and 
making the leaves shorter in length. This solution 
has also been noted by a publication at the 1987 

45 International Congress on Membranes and Mem- 
brane Processes in Tokyo, Japan, June 8-12, 1987, 
Publication 6-P 24 of Yasuo Koseki et al. A high 
flux spiral wound membrane-type ultrafiltration 
membrane module is disclosed with increased per- 

50 meate flux by optimizing the membrane shape and 
decreasing the resistance of the spacer in the leal 
that forms the permeate flow path. The solution of 
shortening the linear length of the leaves or using a 
permeate spacer of lower flow resistance is helpful, 

55 but is not practical or economically effective. For 
example, by using a permeate path spacer of lower 
flow resistance, the permeate flux will be at a 
higher rate; however, It is the downstream piping 
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system which Is the limitation since the spiral 
membra*ne» modulefi are typically employed In a 
series. Further, while an increase in productivity 
can also be obtained by increasing the number of 
leaves ^nd usih^ shorter leaves, this solution Is 
also not practical, since during the cleaning cycle, 
the flux of the membrane module Is enhanced so 
the pumps cannot handle the increased flux there- 
by creating a new overall system problem. 

An effective, practical and economic solution to 
permeate back pressure and the dead permeate 
area in the outer low pressure corner of each spiral 
membrane module leaf is by compartmentalizing 
the permeate flow in each leaf into two or more 
separate radial flow permeate flow channels by 
employing at least one other adhesive giue or 
seam line. In theory, one can have an infinite 
number of separate permeate flow compartments 
formed, but in practice two or three at the most are 
practical since the use of additional seam lines 
results in the loss of active membrane area. Use of 
compartmentalization of the permeate flow channel 
does not wholly eliminate the problem of permeate 
back flow pressure; however, it significantly and 
unexpectedly reduces the problem and avoids the 
difficulties associated with the creation of permeate 
back pressure in the present high flux spiral wound 
membrane modules. 

The separate compartments of the permeate 
flow channels may be formed in any manner by 
permeate flow blocking means, but typically a thin 
glue or adhesive line is employed, such as em- 
ployed in the outer radial and axial giue seams of 
the spirally wound membrane modules. Typical 
adhesives used are polyurethane. epoxy resins or 
adhesive, thermosetting-type resins and sealants. 
The selection of the membrane depends upon the 
particular separation desired. The membrane ma- 
terial employed may comprise fluorocarbon mem- 
brane such as polyvinylene difluoride. polysulfones, 
cellulosic or other natural or synthetic polymeric- 
type membranes. Generally, commercial-type spi- 
rally wound membrane modules vary from about 4 
to 12 inches in diameter and from about 30 to 48 
inches in length and employ one or more mem- 
brane leaves having the same width as the module 
housing and multiple modules may be placed In 
the same housing. 

One way of carrying out the present invention 
in its apparatus, method and use aspects will now 
be described in detail by way of example with 
reference to drawings which show one specific 
embodiment. 



Brief Description of the Drawings 



FIG. 1 is a perspective, partially cut away, 
sectional view of a prior art spiral membrane mod- 
ule with the membrane leaf shown in an unrolled, 
plan view: 

5 FIG. 2 is a perspective, sectional cut away 

view of a sprial membrane module similar to Fig. 1 
but employing the invention; 

FIG. 3 is a graphical representation of a 
pressure profile of a prior art spiral merinbrane 
10 module of Rg; 1; and 

FIG. 4 is a graphical representation of a 
pressure profile of the spiral membrane module of 
Fig. 2 of the invention. 

IS 

Detailed Description with reference to the Drawings 



Fig. 1 illustrates the present state of the art 

20 wherein a prior art spiral module 10 having a 
membrane leaf 12 is composed of a pair of high 
flux membranes 12 spaced apart by a permeate 
tricot spacer 16 which forms a radial permeate flow 
path. The leaf is separated In roll form by a feed 

25 spacer 14. The cylindrical housing for the leaf is 
shown in dotted lines. The radial permeate flow is 
illustrated by the dotted arrows as directed toward 
the central permeate collection tube having perme- 
ate hole passageways therein and with the feed 

30 stream being introduced within the membrane leaf 
spacer axially across each surface of the mem- 
branes and a concentrate stream removed from the 
other end of the module. As illustrated, the leaf 
forms a sealed envelope due to the peripheral axial 

35 18 and the two radial adhesive zones or seams 20 
shown in the shaded area along the outer periph- 
eral edges to form the permeate flow path. The 
dotted line in the outer peripheral low pressure 
concentrate outlet leaf corner Illustrates the discov- 

40 ered non-productive membrane area 22 due to the 
high permeate back pressure. This area has been 
found to be subject to leaks and wrinkling wherein 
the permeate pressure exceeds the feed pressure 
and where reverse permeation may occur, which in 

45 effect represents a dead area of the membrane 
caused by the pressure difference between the ^ 
feed inlet and concentrate outlet. 

Fig. 2 is a perspective, partially cut away, sec- 
tional view of a spiral membrane module of the 

so improved membrane module of the invention which 
contains an additional axial glue seam or adhesive 
zone 24 shown in the shaded area subdividing and 
compartmentalizing the leaf into two generally 
equal radial permeate flow compartments 26 and 

55 28 with radial permeate flow illustrated by the ar- 
rows. Tlie permeate flow is removed directly from 
the central permeate collection tube. The adhesive 
used may be the same or different as the adhesive 
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or sealing means used in the axiat and radial 
peripheral zones. 

. The general non-productive areas 30 and 32 of 
each' of the separate permeate flow compartments 
is illustrated 'as a dotted line in each compartment, 
wfjile the ,;§eparate radial permeate flow in each 
compartment is illustrated by the directional flow 
arrows. The permeate flow is in the same direction 
as before, but in separate compartments, and as 
should be noted, the non-productive area due to 
the permeate back pressure is significantly and 
unexpectedly reduced by the use of the separate 
compartments. For example, the dead or non-pro- 
ductive area 22 in a prior art spiral membrane 
module of Fig. 1 may represent from about 20% to 
30% of one outer corner of the leaf, while in the 
present, improved spiral membrane module design 
the dead area would represent less than about 
10% when the dead area of each separate com- 
partment 26 and 28 is taken in total. Of course, if 
multiple compartments are used, the dead area 
would be further reduced, but the amount of active 
membrane area would also be reduced. As illus- 
trated, the subdivision Into the two separate com- 
partments forms equal compartments of generally 
equal area and equal dimensions. 

The dramatic effect on the pressure profiles of 
the prior act membrane of Rg. 1 and the spiral 
module membrane of the present Invention of Rg. 
2 is graphically illustrated in Figs. 3 and 4 which 
represent the pressure profiles of a standard, 
commercial-type spiral wound membrane module, 
each comprising a 50-inch membrane leaf. 4 mil 
equivalent height and 4 gfd/psi permeability at 
120*F and wherein the pressure profile has been 
taken to measure the permeate pressure in psi 
versus the distance from the axial glue seam in 
feet. As illustrated more particularly In Fig. 3, It can 
be seen that the permeate pressure exceeds the 
outlet pressure in the illustrated area of the graph. 
In Fig. 4, which employs the subdivision of the 
membrane leaf, as illustrated in Fig. 2. the shaded 
area in the graph is significantly reduced with the 
maximum pernneate pressure difference in the first 
compartment 28 ranging in difference from about 
39 to 35 psi, while in the second compartment 28 
ranging from about 25 to 20 psi, so that the dead 
or non-productive area in the corner of each com- 
partment is reduced by the compartmentalizing of 
the leaf which provides for a practical and eco- 
nomical solution to the problems associated with 
permeate back pressure in spiral leaf membrane 
modules. 

In summary, the present invention provides, in 
a high flux, spiral wound membrane module which 
comprises: 

(a) a housing having a one and other end: 



(b) a central tube having a one and other 
end and within the housing and characterized by a 
passageway means therein for the collection of 
permeate; 

5 (c) a membrane leaf means spirally wound 

about the central tube and which comprises a first 
and second membrane sheet and a porous sheet 
between said membrane sheets to form a single 
permeate radial flow compartment, the outer axial 

10 edge and radial side edges of the membrane seal- 
ed to form a membrane leaf with the inner axial 
edge in a permeate flow communication with said 
permeate collection passageways: 

(d) spacer means between the spirally 
IS wound membrane leaf means to define a flow 

channel means; 

(e) feed inlet means to provide for the In- 
troduction of a pressurized feed stream at the one 
end of the housing and to flow axially in the flow 

20 channel means; 

(f) concentrate outlet means to provide for 
the withdrawal of a concentrate stream at the other 
end of the housing; and 

(g) permeate outlet means to provide for the 
25 withdrawal of a permeate stream from the central 

tube, the improvement which comprises means for 
providing a substantially wrinkle-free membrane 
leaf means sufficient to provide for the separate 
radial flow of the pemneate in each compartment 

30 into the passageway means of the central tube to 
restrict the axial flow of permeate and to provide 
for a more favourable permeate pressure distribu- 
tion in the outer low process pressure corner por- 
tion of the leaf means including two or more sepa- 

35 rate sealed radial permeate flow compartments 
within said membrane leaf means. 

The present Invention also comprehends, in a 
method for the separation of a fluid feed stream by 
40 a high flux, spiral wound ultrafiltration membrane 
module into a permeate stream and a concentrate 
stream which method comprises: 

(a) flowing a feed stream to be separated 
into one end and axially across the surface of a 

45 spirally wound membrane leaf; 

(b) withdrawing an axially flowing concen- 
trate stream at the other end of the membrane leaf; 

(c) flowing a permeate stream radially within 
a single sealed compartment of the membrane leaf 

50 to a central tube permeate collection means; and 

(d) withdrawing a permeate stream from the 
central tube permeate collection means, the im- 
provement which comprises providing a substan- 
tially wrinkle-free membrane leaf means including, 

55 two or more separate sealed permeate flow com- 
partments in the membrane leaf into the permeate 
collection means to reduce the membrane area of 
the membrane leaf means In which the permeate 
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back pressure in the area is greater than the pres- 
sure of th^ feed stream and flowing the permeate 
stream rddtally wtthin said two or more separate 
sealed permeate flow compartments sufficient to 
reduce * substantially membrane wrinkling and 
membrane seam leaks. 



Claims 

1. A high flux, spiral wound membrane module 
which comprises: 

a) a housing having a one and other end: 

b) a central tube having a one and other end 
and within the housing and providing a passageway 
means therein for the collection of permeate; 

c) a membrane leaf means spirally wound 
about the central tube and which comprises a first 
and second membrane sheet and a porous sheet 
between said membrane sheets to form a single 
permeate radial flow compartment, the outer axial 
edge and radial side edges of the membrane seal- 
ed to form a membrane leaf with the inner axial 
edge in a permeate flow communication with said 
permeate collection passageways; 

d) spacer means between the spirally wound 
membrane leaf means to define a flow channel 
means; 

e) feed inlet means to provide for the in- 
troduction of a pressurized feed stream at the one 
end of the housing and to flow axially in the flow 
channel means; 

f) concentrate outlet means to provide for the 
withdrawal of a concentrate stream at the other end 
of the housing; and 

g) penneate outlet means to provide for the 
withdrawal of a permeate stream from the central 
tube, characterized in that the membrane leaf 
means comprises two or more separate, sealed 
radial permeate flow compartments to provide for 
the separate radial flow of the permeate in each 
compartment into the passageway means of the 
central tube. 

2. A module as claimed in claim wherein the 
membrane leaf means comprises two separate, 
generally equal size permeate flow compartments. 

3. A module as claimed in claim 1 or 2 wherein 
the membrane leaf means comprises a radially 
extending adhesion zone or zones to divide the 
said single compartment into two or more separate 
permeate flow compartments. 

4. A module as claimed in any preceding claim 
wherein the permeate outlet means is only at the 
other end of the central tube. 



5. A module as claimed in any preceding claim 
wherein the membrane sheets of the membrane 
leaf means have a flux of 100 liters per square 
rneter of membrane area per hour or more. 
5 6. A method for the separation of a fluid feed 

stream by a high flux, spiral wound ultrafiltration 
member module into a permeate stream and a 
concentrate scream which method comprises: 

a) flowing a feed stream to be separated into 
10 one end and axially across the surface of a spirally 

wound membrane leaf; 

b) withdrawing an axially flowing concentrate 
stream at the other end of the membrane leaf; 

c) flowing a permeate stream radially within 
15 a single sealed compartment of the membrane leaf 

to a central tube permeate collection means; and d) 
withdrawing a permeate stream from the central 
tube permeate collection means, characterized by 
flowing the permeate stream radially within two or 
20 more separate sealed permeate flow compartments 
in the membrane leaf into the permeate collection 
means. 

7. A method as claimed in claim 6 wherein the 
2S permeate back pressure membrane area com- 
prises about 10% or less of the membrane area of 
the membrane leaf means. 

8. A method as claimed In claim 6 or 7 wherein 
the pressure difference across the membrane leaf 

30 compartments is greater than about 15 psi. 

9. A method as claimed in claim 6, 7 or 8 
wherein the flux of the membrane leaf means is 50 
liters per square meter of membrane area per hour 
or more. 

35 10. A method as claimed in claim 6, 7, 8 or 9 

wherein the Inlet pressure of the feed stream into 
the membrane module is about 200 psi or less. 

1 1 . A method as claimed in any one of claims 
6 to 10 which comprises subdividing the permeate 

40 flow compartment by a straight, radial adhesive 
zone Into two generally equal separate compart- 
ments and flowing the permeate stream radially in 
each separate compartment into the central tube 
permeate collection means. 

45 12. A method as claimed In any one of claims 
6 to 11 wherein the feed stream comprises a dairy 
stream. 
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